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APPARATUS FOR CONTROLLING FLOW RATE OF GASES USED IN SEMICO 
NDUCTOR DEVICE BY DIFFERENTIAL PRESSURE 



Technical Field 

The present invention relates to an apparatus for controlling flow rate of gases used 
in semiconductor device fabrication by differential pressure, and more particularly, to an ap 
paratus for controlling flow rate of gases used in semiconductor device fabrication by gener 
ating differential pressure in a flow passage through which the gas flows. 

Background Art 

As well known, semiconductor device fabrication employs gases such as dopant gas 
, etchant gas, diffusion gas and purge gas used for manufacturing semiconductor devices. 
The semiconductor device fabrication requires that such gases have high purity. Further, t 
he flow rates of the gases that determine characteristics of semiconductor devices should be 

precisely and rapidly controlled in semiconductor device fabrication. 

As an example of techniques for controlling the flow rate of a gas in semiconductor 
device fabrication, a heat sensitive type mass flow rate controller operates as follows. A g 
as flowing though a flow passage of a body of the controller is distributed at a predetermine 
d ratio via a bypass and then sent to a flow sensor. A thermal resistor of the flow sensor c 
hanges temperature by means of heat conduction according to the gas flow, a Wheatstone b 
ridge detects the temperature change in the thermal resistor as a voltage change and outputs 

an electrical signal, and an amplifier amplifies the electrical signal from the Wheatstone b 
ridge and inputs the amplified electrical signal into the controller. The controller compare 
s the input electrical signal with a set point and opens or closes a control valve operated by 
a solenoid or thermal actuator based on the comparison results to control the flow rate of th 
e gas. 

However, the conventional heat sensitive type mass flow rate controller has a probl 
em in that the flow rate of the gas is indirectly measured in such a manner that the temperat 
ure of the thermal resistor of the flow sensor is changed by heat capacity according to the g 
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as flow and the temperature change in the thermal resistor is detected as the voltage change 
by the Wheatstone bridge, resulting in very low response. Further, the conventional heat 
sensitive type mass flow rate controller has problems in that it does not ensure linearity of 
the relationship between the flow rate and the electromotive force of the flow sensor throug 
5 hout the entire range of flow rate of the gas, and its reliability is greatly deteriorated due to 
changes in the sensitivity of the flow sensor according to gas pressure. Moreover, the con 
ventional heat sensitive type mass flow rate controller has a problem in that it is troubleso 
me to change a compensation constant for use in the measurement of the flow rate accordin 
g to the kind of gas. 

10 

Disclosure of Invention 

The present invention is conceived to solve the aforementioned problems in the prio 
r art. An object of the present invention is to provide an apparatus for controlling flow rate 
of gases used in semiconductor device by differential pressure, wherein differential pressur 
15 e is generated in the gas flowing through a flow passage and the flow rate is measured usin 
g the differential pressure of the gas, thereby greatly improving the response and reliability 
of the controller. 

Another object of the present invention is to provide an apparatus for controlling flo 
w rate of gases used in semiconductor device by differential pressure, wherein the flow rate 
20 of the gas can be precisely and rapidly controlled due to a fast response speed of the contr 
oiler and a stable flow of the gas. 

A further object of the present invention is to provide an apparatus for controlling fl 
ow rate of gases used in semiconductor device by differential pressure, wherein the controll 
er can be manufactured and maintained conveniently and economically due to its simple str 
25 ucture. 

A still further object of the present invention is to provide an apparatus for controlli 
ng flow rate of gases used in semiconductor device by differential pressure, wherein the de 
gree of purity of the gas can .be improved by means of a filtering function of a differential p 
ressure generation element itself that is installed in a flow passage and generates differentia 
30 1 pressure in a flow of the gas. 
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According to the present invention for achieving the objects, there is provided an ap 
paratus for controlling flow rate of gases used in semiconductor device by differential press 
ure, which comprises a body having a flow passage for the gas used in the semiconductor d 
evice fabrication, a control valve for controlling a flow of the gas by opening or closing the 
5 flow passage of the body, a differential pressure generation element installed in the flow p 
assage of the body to generate differential pressure, a tube installed to penetrate through the 
differential pressure generation element, a pressure sensor received in the tube to detect th 
e differential pressure in the flow passage generated by the differential pressure generation 
element, and a central processing unit for calculating the flow rate of the gas according to a 
10 detection signal input from the pressure sensor and controlling the control valve. 

Brief Description of Drawings 

Fig. 1 is a sectional view showing the configuration of a first embodiment of an app 
aratus for controlling flow rate of gases used in semiconductor device by differential pressu 
15 re according to the present invention. 

Fig. 2 is a partially enlarged sectional view showing the configuration of the first e 
mbodiment of an apparatus for controlling flow rate of gases used in semiconductor device 
by differential pressure according to the present invention. 

Fig. 3 is a sectional view taken along line III-HI of Fig. 2. 
20 Fig. 4 is a partially enlarged sectional view showing the configuration of a second e 

mbodiment of apparatus for controlling flow rate of gases used in semiconductor device by 
differential pressure according to the present invention. 

Fig. 5 is a sectional view taken along line V-V of Fig. 4. 

Fig. 6 a partially enlarged sectional view showing the configuration of a third embo 
25 diment of the apparatus for controlling flow rate of gases used in semiconductor device by 
differential pressure according to the present invention. 

Fig. 7 is a sectional view taken along line VII- VII of Fig. 6. 

Fig. 8 a partially enlarged sectional view showing the configuration of a fourth emb 
odiment of the apparatus for controlling flow rate of gases used in semiconductor device by 
30 differential pressure according to the present invention. 
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Fig. 9 is a sectional view taken along line IX-IX of Fig. 8. 

Best Mode for Carrying Out the Invention 

A first embodiment of an apparatus for controlling flow rate of gases according to t 
5 he present invention shown in Figs. 1 to 3 will be first described. Referring to Figs. 1 and 
2, a body 10 defining the external appearance of the apparatus for controlling flow rate of 
gases according to the present invention is formed with a flow passage 12 for gases such as 
dopant, etchant, diffusion and purge gasses used in semiconductor device fabrication. T 
he flow passage 12 has a gas inlet 14 and a gas outlet 16. The inlet 14 is connected to a g 
10 as supply device 18. The gas discharged through the outlet 16 is supplied to a semicondu 
ctor device fabrication process. An upstream portion of the flow passage 12 is connected 
to a valve chamber 22 of a control valve 20. The valve chamber 22 of the control valve 2 

0 is provided with a valve body 26 for opening or closing the flow passage 12 by means of 
an operation of an actuator 24 so as to control the flow of the gas. In this embodiment, th 

15 e actuator 24 of the control valve 20 may comprise a solenoid. 

Referring to Figs. 1 to 3, the apparatus for controlling flow rate of gases of the prese 
nt invention has a differential pressure generation element 30 installed at a downstream por 
tion of the flow passage 12 to generate differential pressure in the flow of the gas. The dif 
ferential pressure generation element 30 is formed of a porous material 32 for producing re 

20 sistance against the flow of the gas. The porous material 32 comprises a ceramic filter or 
stainless steel filter having a plurality of fine pores 34. The ceramic filter or stainless stee 

1 filter may be made by means of sintering. Further, the stainless steel filter can be made t 
o have a surface with superior precision, cleanliness, chemical stability, corrosion resistanc 
e and the like by means of electropolishing. Such a ceramic filter or stainless steel filter c 

25 an effectively adsorb and remove impurities contained in the gas penetrating through the po 
res. 

As specifically shown in Fig. 3, the apparatus for controlling flow rate of gases of t 
he present invention has a tube 40 installed at an upper edge of the porous material 32 to pe 
netrate therethrough along the flow direction of the gas. A pressure sensor 50 for sensing 
30 pressure is received in a bore 42 of the tube 40. In this embodiment, the pressure sensor 5 
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0 is adapted to maintain a hermetic seal and may comprise a differential pressure sensor for 
sensing differential pressure produced between upstream and downstream sides of the por 
ous material 32. 

As shown in Figs. 1 and 2, the porous material 32 and the tube 40 are identical with 
5 each other in length, and the pressure sensor 50 has a length shorter than that of the tube 4 
0 and is received at one side of the tube 40. The lengths of the porous material 32, tube 4 

0 and pressure sensor 50 may be changed properly, if necessary. The position of the press 
ure sensor 50 may be changed to any position within the tube 40. Although Fig. 3 shows t 
hat the tube 40 and the pressure sensor 50 have rectangular cross sections, the tube 40 and t 

10 he pressure sensor 50 may be formed to have circular cross sections. 

Meanwhile, leads 52 of the pressure sensor 50 penetrate through the tube 40, the po 
rous material 32 and the body 10 and aire then connected to a central processing unit (CPU) 
60. A detection signal of the pressure sensor 50 is inputted into the CPU 60. The CPU 
60 operates the actuator 24 of the control valve 20 according to the detection signal input fr 
15 om the pressure sensor 50 to open or close the flow passage 12, thereby controlling the flo 
w of the gas. The control valve 20 and the CPU 60 are received in a casing 70 that is deta 
chably attached to the body 10. 

In the apparatus for controlling flow rate of gases used in semiconductor device by 
differential pressure according to the present invention, the gas that is supplied from the ga 
20 s supply device 18 when the valve body 26 of the control valve 20 is opened is introduced t 
hrough the inlet 14 of the body 10 and then flows along the flow passage 12 of the body 10 
while sequentially passing through the valve chamber 22 and the pores 34 of the porous ma 
terial 32. The pressure of the gas drops while the gas passes through the pores 34 of the p 
orous material 32, which have cross sectional areas narrower than that of the flow passage 
25 12. Therefore, a pressure difference is produced between the upstream and downstream si 
des of the porous material 32. 

Then, the pressure sensor 50 received in the bore 42 of the tube 40 detects the differ 
ential pressure produced between the upstream and downstream sides of the porous materia 

1 32 and outputs the detection signal corresponding thereto. The CPU 60 compares the de 
30 tection signal input from the pressure sensor 50 with a set point and then obtains the flow r 
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ate of the gas. At this time, if the flow of the gas passing through the pores 34 of the poro 
us material 32 is a laminar flow, the correlation between the detection signal of the pressur 
e sensor 50 and an actual flow rate is linear. Thus, it is possible to greatly improve respon 
se to and reliability for the flow rate of the gas obtained by the CPU 60. 
5 Further, the CPU 60 determines whether the flow rate of the gas obtained is a prede 

termined proper flow rate. The CPU 60 also outputs a control signal for operating the act 
uator 24 of the control valve 20 to properly maintain the flow rate of the gas. The valve b 
ody 26 opens or closes the flow passage 12 by means of the operation of the actuator 24 to 
control the flow of the gas. 

10 Accordingly, the response characteristics and reliability can be greatly improved in 

such a manner that the pressure sensor 50 detects the differential pressure produced betwee 
n the upstream and downstream sides of the porous material 32, the CPU 60 calculates the 
flow rate of the gas, and the valve body 26 of the control valve 20 for opening or closing th 
e flow passage controls the flow rate of the gas. In addition, the flow rate of the gas can b 

15 e precisely and rapidly controlled to be adapted to semiconductor device fabrication. The 
apparatus for controlling flow rate of gases of the present invention can be manufactured co 
nveniently and at a low cost using a simple structure in which the porous material 32 is inst 
ailed in the flow passage 12 of the body 10 and the pressure sensor 50 detects the differenti 
al pressure in the gas due to the porous material 32. The porous material 32 and the press 

20 ure sensor 50 can be replaced easily and the maintenance thereof can be made economicall 
y due to easy and convenient repairs. A trace of impurities contained in the gas passing th 
rough the pores 34 of the porous material 32 is adsorbed and removed by the pores 34, resu 
lting in effective improvement of the degree of purity of the gas. 

Figs. 4 and 5 show the configuration of a second embodiment of an apparatus for co 

25 ntrolling flow rate of gases according to the present invention. The configuration and ope 
ration of the apparatus for controlling flow rate of gases according to the second embodime 
nt is substantially identical with those of the apparatus for controlling flow rate of gases acc 
ording to the first embodiment described above. Referring to Figs. 4 and 5, the porous ma 
terial 32 is installed in the flow passage 12 of the body 10, and the tube 40 is installed at th 

30 e center of the porous material 32 to penetrate therethrough along the flow direction of the 
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gas. The leads 52 of the pressure sensor 50 are received in a bore 42 of the tube 40 and pe 
netrate through the tube 40, the porous material 32 and the body 10 and are then connected 
to the CPU 60 in the same manner as Fig. 1 . 

With the structure in which the tube 40 and the pressure sensor 50 are installed at th 
5 e center of the porous material 32, the gas flows through the porous material 32 around the 
pressure sensor 50 disposed at the center of the flow passage 12. The pressure sensor 50 a 
cts as a resistor for producing resistance against the flow of the gas in the flow passage 12 o 
f the body 10. As shown in Figs. 2 and 3, in the apparatus for controlling flow rate of gas 
es according to the first embodiment in which the tube 40 and the pressure sensor 50 are in 

10 stalled at the upper edge of the porous material 32 to be in the vicinity of a wall surface oft 
he flow passage 12, there are dead volumes upstream and downstream of the contact portio 
n of the pressure sensor 50 with an upper wall surface of the flow passage 12 due to the pre 
ssure sensor 50 acting as the resistor against the flow of the gas. In the apparatus for contr 
oiling flow rate of gases according to the second embodiment, the flow of the gas is establi 

15 shed through the porous material 32 around the pressure sensor 50, thereby preventing the 
creation of such dead volumes. Therefore, the apparatus for controlling flow rate of gases 
according to the second embodiment has advantages in that the flow of the gas can be sm 
oothly maintained and it has excellent response over the apparatus for controlling flow rate 
of gases according to the first embodiment. 

20 Figs. 6 and 7 show the configuration of a third embodiment of the apparatus for con 

trolling flow rate of gases according to the present invention. The apparatus for controllin 
g flow rate of gases according to the third embodiment also comprises the body 10, the con 
trol valve 20, the CPU 60 and the casing 70 in the same manner as the apparatus for control 
ling flow rate of gases according to the first embodiment. Referring to Figs. 6 and 7, a po 

25 rous material 132 acting as the differential pressure generation element 30 is installed in th 
e flow passage 12 of the body 10, and the porous material 132 is formed of a ceramic filter 
or stainless steel filter having a plurality of pores 134. 

The porous material 132 comprises a first vertical plate portion 136a vertically abut 
ting on a lower wall surface of the flow passage 12, a horizontal plate portion 136b horizon 

30 tally extending from a downstream end of the first vertical plate portion 136a, and a second 
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vertical plate portion 136c vertically extending from a downstream end of the horizontal p 
late portion 136b and abutting on the upper wall surface of the flow passage 12. The hori 
zontal plate portion 136b of the porous material 132 is provided with a tube 140 therethrou 
gh vertically, i.e. perpendicularly to the flow direction of the gas. A pressure sensor 150 i 
5 s received in a bore 142 of the tube 140 in a hermetically sealed manner. Leads 152 of the 
pressure sensor 150 penetrate through the tube 140, the horizontal plate portion 136b and 
the second vertical plate portion 136c of the porous material 132, and the body 10 and are t 
hen connected to the CPU 60 in the same manner as Fig. 1. 

In the apparatus for controlling flow rate of gases according to the third embodimen 
10 t constructed as above, the gas introduced through the inlet 14 of the body 10 flows along t 
he flow passage 12 while passing through the respective pores 134 of the first and second v 
ertical plate portions 136a and 136c. At this time, there is a drop in the pressure of the ga 
s that has passed through the pores 134 having cross sectional areas narrower than that oft 
he flow passage 12, and a pressure difference is produced between above and below the hor 
15 izontal plate portion 136b. The pressure sensor 150 received in the bore 142 of the tube 1 
40 detects the differential pressure between above and below the horizontal plate portion 1 
36b and outputs a detection signal. The CPU 60 compares the detection signal input from 
the pressure sensor 150 with a set point, obtains the flow rate of the gas, and then controls 
the flow of the gas by opening or closing the flow passage 12 through the operation of the 
20 actuator 24 of the control valve 20 in the same manner as described above. 

Meanwhile, since the pressure sensor 150 is installed parallel with the flow directio 
n of the gas in the apparatus for controlling flow rate of gases according to the third embodi 
ment shown in Fig. 6, the area of the face of the pressure sensor 150 viewed in the flow dir 
ection of the gas is greatly reduced as compared with the area of the face of the pressure se 
25 nsor 50 shown in Figs. 3 and 4. Such reduction in the area of the face of the pressure sens 
or 150 results in reduction of a drag force as compared with the pressure sensor 50. Accor 
dingly, flow loss can be minimized. 

Figs. 8 and 9 show the configuration of a fourth embodiment of the apparatus for co 
ntrolling flow rate of gases according to the present invention. The apparatus for controlli 
30 ng flow rate of gases according to the fourth embodiment also comprises the body 10, the c 
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ontrol valve 20, the CPU 60 and the casing 70 in the same manner as the apparatus for cont 
rolling flow rate of gases according to the first embodiment. Referring to Figs. 8 and 9, a 
plurality of capillary tubes 36 as another example of the differential pressure generation ele 
ment 30 are installed in the flow passage 12 of the body 10 along the flow direction of the 
5 gas to produce resistance against the flow of the gas. Impurities contained in the gas passi 
ng through apertures 38 of the capillary tubes 36 are adsorbed and removed by surfaces of t 
he apertures 38. The capillary tubes 36 are made of a stainless steel material and then sub 
jected to electropolishing in the same manner as the porous material 32 of the apparatus for 
controlling flow rate of gases according to the first embodiment. The capillary tubes 36 
10 as the differential pressure generation element 30 may be substituted with a porous plate. 
Surfaces of the capillary tubes 36 or the porous plate may be coated with glass, if necessary 

Further, the tube 40 is installed at the center of each of the capillary tubes 36 along t 
he flow direction of the gas, and the pressure sensor 50 is installed in the bore 42 of the tub 

15 e 40. In this embodiment, the capillary tubes 36 and the tubes 40 may be constructed to b 
e equal to each other. In this case, the pressure sensor 50 may be installed in one of the ca 
pillary tubes 36. The leads 52 of the pressure sensor 50 penetrate through the capillary tu 
bes 36 and the body 10 and are then connected to the CPU 60 in the same manner as Fig. 1 . 
Meanwhile, the pressure of the gas that has passed through the apertures 38 of the c 

20 apillary tubes 36 drops in the same manner as the porous material 32 described above. Th 
e pressure sensor 50 detects differential pressure between upstream and downstream sides 
of the capillary tubes 36 and outputs a detection signal. The CPU 60 compares the detecti 
on signal input from the pressure sensor 50 with a set point, obtains the flow rate of the gas 
, and then controls the flow of the gas by operating the actuator 24 of the control valve 20 i 

25 n the same manner as described above. Impurities contained in the gas passing through th 
e apertures 38 of the capillary tubes 36 are adsorbed and removed by the inner surfaces oft 
he apertures 38. Accordingly, the degree of purity of the gas can be effectively improved. 

The preferred embodiments of the present invention described above are merely for 
illustrative purposes. The scope of the present invention is not limited to the embodiment 

30 s. Those skilled in the art can make various changes, modifications or substitutions withi 
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n the technical sprit and scope of the present invention defined by the appended claims. It 
should be understood that such embodiments fall within the scope of the present invention 

. Further, although the present invention has been described in connection with control of 
the flow rate of a gas used in semiconductor device fabrication, it can also be applied to c 
5 ontrol of the flow rate of a gas or other fluids used in a chemical process. 

Industrial Applicability 

As described above, with the apparatus for controlling flow rate of gases for control 
ling a gas used in semiconductor device fabrication according to the present invention, a dif 

10 ferential pressure generation element such as a porous material or capillary tubes is installe 
d in a flow passage of the gas to generate differential pressure in the gas flowing along the f 
low passage, and the flow rate of the gas is measured based on the differential pressure in t 
he gas, thereby greatly improving response characteristics and reliability. Further, it is po 
ssible to precisely and rapidly control the flow rate of the gas due to a fast response speed a 

15 nd stable flow of the gas. Moreover, there are advantages in that manufacture and mainte 
nance of the apparatus for controlling flow rate of gases can be made conveniently and eco 
nomically due to its simple structure, and the degree of purity of the gas can be improved b 
y means of a filtering function of the differential pressure generation element itself that is i 
nstalled in the flow passage and generates the differential pressure in the flow of the gas. 
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